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CONTROLLER 
FIELD OF THE INVENTION 

The present invention relates to a controUer, More p^^ ^ 
ticularly the present invention relates to an elcctroniagnctic 
system for the appUcation of force feedback to the moveable 
platfonn of a controller. 

BACKGROUND OF THE INVENTION 

The concept of applying force feedback to a manual . 
controller has been advanced and in fact imfdemented. 

An article enUtled Computing with Feeling by Atkinson ct 
al in Computds and Graphics. Volume H. 1977, pp. 97 to 
103. describes providing a 'touchy, feely'' and 'touchy, i5 
twisty" to the operator so that the operator has the fed of the 
actions taking place. These force feedback sensadons were 
created for molecular designs and models, etc. 

A paper entiUed Artifidal RcaUty witix Force Feedback; 
Dervel<^>ment of Desktop Virtual Space and Compact Master 20 

ManipulaiOT In Siggr^h. Dallas. Aug. 6-10, 1990, Iwata 
describes a force feedback system with a human interface 
for manipulation of mock ups of soUd objects and a paper 
cntlUed Creating an Illusion of Feel; Control Issues and 
Force Display. Sep. 16, 1989 Ouh-Young ct al. describes the » 
use of force feedback to create an illusion cf fecL The 
National Aeronautics and Space Administration in an 
Abstract pubUcadon NASATfedincdogy Ti^sfcr Division- 
Focce Feedback Control May 1990 describes the use offeree 
feedback to repel the oontrollcr and create the illusion the » 
cursor should cot cross boundaries of images, or that the 
cursor is attracted toward a point and to guide the operators 
hand in following a straight line ot even along a curve. 

lb advance further the feedback to the operator requires 
control of the element manipulated by the operator, e.g. the 
joystick. 

U.S. PAT. NO. 3,919,691 issued Nov. 11, 1975 to No^ 
discloses gantry mounted platform movement whidi is 
controUaWc in two mutually perpendicular directions by ^ 
electromagnt^ic motors and cable or belt drives to the gantry 
system to impede the movement of the control platform in 
the two mutually perpendicular directions. 

U.S. PAT. No. 4.868,549 issued Sep. 19, 1989 to AfBnito 
et al ^Ucs bmkes to a baU in two mutuaUy perpendicular 45 
directions. The brakes are operated by a conaputcr to provide 
force feedback means to resist motion of the mouse or 
cursor. 

BRIEF DESaUPnON OF THE PRESENT ^ 
INVENTION 

It is an object of the present invention to provide a control 
Which permits the effective application of x, y (or z) force 
feedback to inqicdc or direct movement of the hand control 
in the x,y (or z) direction, 55 

Broadly the present invention relates to a controller 
comprising a base, a platfctfm. means for mounting said 
platform for a range of movement in a plane of at least 
• inches ( L2.5 mm) in each of two different directions, a first 
magnetic force applying means including a first magnet 60 
means mounted on said base and a first cooperating mag- 
netic force gcocrating means mounted on and moveable with 
said platform in position to interact with said first magnet 
means, a second magnetic force applying means including a 
second magnet means niDuntcd on said base and a second 65 
coopcratLng magnetic force generating means mounted on 
and moveable with said platform in a position to interact 
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With said second magnet means, said first force «PPlyi»g 
mUns being posiUoned and constnicted to controUaWy 
Tp^y selecid forces to said platform in one of said two 
<^iuons and said second force applying means being 
, ^nstmcted and positioned to conttoUable sheeted 
forees to said platform in the otba- of said two directions and 

Si means to selectively control said fi«t sjad 
second force applying means to generate said selected 

forces. 

Preferably said two directions will be mutually perpen- 
dicular. 

Preferably said controUff vaU furlher^^^^ 
means for sensing Ibe position of said platftwn relative to 

**More preferably said sensor means will comprise a mins- 
" parent grid mounted on and moveable witt, said platfoim 
source and a detector means fixed relative to sard 
base in positions wherein Ugbl from said source passes 
through said grid and is detected by said dctetlcx means 

Preferably said first cooperating magnet force generating 
means including a first coil means position » mtea^ wift 
said first magnet means when a current is appUed to said first 
coll means, and said second magnetic force generating 
means including a second cooperating oofl "leans tn a 
Son to interact with said second magnet means when a 
^t Is appUed to said second coQ means. «W fii« 
SSnet mcaiTand said first cooperating cod means of«ud 
tetforce applying means being shaped and posmoned so 
L any ^^n of said platform within s jid range said 
ciril may be wntroUed to apply said selected force between 
ckdi of said first and second cooperating cott means and rts 
respective magnet means and wherein said control means 
S^dy aiS« «««« to said first and said se«>nd 
wilting «il means to generate said selected forces 
„ It U also prcfaied that the projected aiea of a fidd 
generated by said first magnet means onto said 
^g cofl nieans is substantially constant so *at 4e 
appUMtion of a selected current to 

liSms generates the same force between said fint roagnrt 
^ meansMdsaidfirstcooperatingcoilmeansregardlessafthe 

pS)n of said platform within said range of movement 
Vaid iecond magnet means and said second cooperatmg cod 
means of said second force applying tneans bemg shaped 
andpositioncd so that in any PO'^o^J'f f 
4, said^inge the projected area of a field generated by sa^d 
'viecond iagnet^t^eans onto said second cooperating cod 
" means is substantially constant so that the appUcaUon of a 
selected current to said second cocpeating cod means 
ecneraies ttie same force between said second magnet means 
^ Ind said second cooperating coil means regardless of the 
position of said platform within said range. 

Preferably said first cooperating coU means wiU comprise 
. a first elongated substantiaUy pUnar coU having 
LTestenlig substantiaUy parallel to saidplane and to one 
55 of said pair If mutually petpendicuter ^^^"^Z^ 

second W«ti«g ^ «^ !:"^ ^"^Ui^^^t 
elongated substantially planar cod haymg us major aws 
subsLitiaUy parallel to said plane and said other of said 
mutually perpendicular directions. 

60 Preferably said first magnet means and said s«on^ma^ 
net^ans iach will comprise a pair of pomanent magn^ 
means, one pcnmnent magnet means of each 
located on one side of its said cooptf ating cod means and the 
oAer peimanent magnet means of each 

65 nent magnet means located on the side of its said cooper- 
ating c^l means opposite its respective said one permanent 
magoet means. 
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Pn-ferablv each said permanent magnet means is conflg- 
with S f«<^8 in <t>P°«te d«c- 

Uo?s"n^ Lr^^olar axes substantially parallel to the 

''Z re ptS" afpoUr a«s of each said p«n-eat 
„^n« ^^sfubrtanSTally paraUel to said major «Us of 

its respective cooperating planar coU. 

^ref^bly said means for mounting wai comprise gantry 



means 
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BRIEF DESOUmON OF THE DRAWINGS 

Further features, objects and advantages v^jU ^^^^ 
<v,^7*c foUcwinE detailed desctipuon of the prefened 
JX^enU present invendon Uken in conjunchon „ 

with the accompanying drawings in v^hicb: 

FIG 1 is an exploded schematic illustration of ttte man. 
coS^»ent of the controUer of *e P«-"^'-^^^"^°"- . 

^2 is an exploded view iUustrating how the platform ^ 

^ nS^at an exploded view of one pair of cooperating 
reagnets and cooperating cmL . . ^ 

no 4 is an exploded view of muiu-laya:cd planer 
actuatiir coU fining the dectromagnet 23 

FIG S a schcniatic exploded illustration of the peimanetf 
^Skc tTcocperatinS coU wi^ *cplot of field strength 
rftiie permanent magnets appUed the*eto. 

So^an exploded view of the handle wtach may be ^ 
used with a mouse of Ae present mvenUon. 

CTG 7 is a section through the hwKlle of FIG. 6 iUustaa- 
i„i^ftel<!^stSa of theactuator for .he tactile elc^^ 

pro 8 is a schematic illustration of a hand controUa or 
joy?S.*atn^^edinplaceof.hecon.rolbuttonof.he „ 

"""rS" " is an exploded view siniUar to HG^l but iUus- 
uadS the incorporation of a z direction «>n»«>Uer 
FIG. 10 is an isometric iUustration of the . controUer. 
HG. n is a schematic illustration of the control system of « 
the ra-esent invention. , 

fTg 12 is an illustration of a typical program ^^f o* *^ 
wSd be shown on a model illustrated ^^-^ °f *^ JP^^ 
Xns to which the present imreation may be .^hed. 

DESCWFIION OF THE PREFERRED 
EMBODIMENTS 

The controUer 10 iUustrated in FIG. 1 
.inTnt l^Td a cover 13 between which a platform 14 s ^ 
m^^doa"ilntingsysteml6thatmay.aI«^^ 
fo^ and in the illustrated embodiment is .n flic f"™ « » 

SSy system 16 — f fl^^Ttie p^^o^ 14 1: 
12 The mountiDg system 16 pemuis ctr uic 
fjcl two mtLoiy pcxpendicular directions (as wUl be 
described in mote detail hcreinbelow). 

A suitable controUex or handle 18 having a push b^on 
Jlch 20 (used in a conventional manna of a typical 
mousci is mounted on the platfoon 14. 
^e conSS^er or handle 18 may also be provided with a «, 
uSe System which through movement of ^^^^^^ 
back element 22 may be used to «PP'>' ^^n (IT vS 
operator or used tin reverse to control an operation (as wOi 

'"^:*^^^Thmo« dearly indicated in the exploded « 
vi^ of Sg 2 as' mr^af^it'compris" a pair of^nular 
onTd^gree of freedom sUding frame umts 24 and 26. The 



4 

first frame unit 24 consists of parallel mountlDg bars 28 and 
30 fixed to the base 12 and a pair of parallel rods 32 and 34 
extending between and perpendicular to the mounting 28 
and 30. A pair of spaced substantially parallel bars 36 and 38 
extend substantially to and are siidable mounted on the rods 
32 and 34 via guiding aperture 48 and 42 to permit the bars 
36 and 38 to slide therealong. 

The bars 36 and 38 of the first frame element 24 arc held 
in spaced relationshq) by a pair of end mounting bar 44 and 
46 which act in the same mamier as the bars 28 and 30 but 
to mount a second pair of parallel mounting rods 48 and 50 
oriented substantially perpendicular to the rods 32 and 34. 

These rods 48 and 5# mount a second pair of parallel bars 
52 and 54 similar to tlie bars 36 and 38 and provided with 
guiding holes 56 and 58 for movcjncnt of the bars 52 and 54 
along the rods 48 and 59 so that Ibe second Crame unit 26 
slides in die directioo perpendicular to the direction in which 
the first frame unit 24 slides. The platfOTm 14 is mounted on 
the second firame 26, Le. is fixed to the bar 52 and 54. 

The exploded viev of FIG. 2 will also be used to explain 
the operation of the position sensor which deteoiunes the 
position of the platform* 14 relative to the base IZ In the 
FIG. 2 illustration the position of the platftKm 14 is deter- 
mined using the grid or mesh 60 of mutually perpendicular 
uniformly spaced lines that influence the transmission of 
light thTDugh &e grid in a maimer different from the spaces 
between the lines. The lines of the grid 60 are preferably 
oriented so that one set of parallel lines is parallel to the rods 
32 and 34 and the odicr set is parallel to the rods 54 and 56, 
The grid 60 is the opexative part of the platform 14 required 
to detcnnlne position. 

Fixed to the top cover 13 is a suitable ligjit source 62 
which projects a beam of ligjht 64 through tiie grid 60 onto 
a deteaca- 66 fixed to the base 12. It will be evident that as 
the grid 60 is moved with the platform 14. each element 
(line) of the grid disrupts the light beam 64 as that element 
(line) traverses the beam 64. The disn^ion is sensed by the 
optical detector 66 which detects movements in the two 
mutually peq>endicular directioiis* 
^ The detector system or position detecting system 
described above may be replaced by any otiber suitable 
position detector. 

The force applying actuators 70 or 73 (of FIG- 1) are 
essentially the same but are oriented in the controller 10 in 
^5 mutually perpendicular relationship to the odicr. These 
actuatcrs 70 and 72 control force applied to the platform 14. 
Badi is CCTcposed of a pair of permanent magnets 74 and 76 
fixed to the base 12 and cover 13 respectively and a fiat or 
planer coil 90 mounted on the platfc^m 14 and interposed 
between the fixed magnets 74 and 76, The actuators 70 and 
72 arc constructed essentially the same and thus like refer- 
ence numerals have been used to illustrate like parts of the 
respective acrmators 70 and 72. 

The stationary magnet assemblies 74 and 76 arc each 
55 composed of a pair of permanent magnets 78 and 80 
mounted on a return pLaXc 82 which magnetically intercon- 
nects the magnet 78 and 80. 

In the arrangement illustrated in FIG. 3. the magnetic field 
between the correspondiag magnets 78 of each pair of 
60 statiooaiy magnets 74 and 76 in each of the actuators 70 and 
72 extends as indicated at 84 (upward in FIG. 3) while field 
between the corresponding magnets 80 of each pair of 
stationary magnets 74 and 76 in each of the actuators 70 and 
72 extend in the opposite direction as indicated at 86 
65 (downward). 

Each of the actuators 70 and 72 includes an actuator coil 
90 (eg. a Lorentz voice coil) mounted on -with the platform 
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in a posidoD to cooperates with the magnet 74 and 76. of its 
respective actuator 70 and 72. The coil(s) 90 as sdtiejuati- 
cally illustrated in FIG. 4 is formed by ioterconnected coil 
winding 91, 94, 96 and 98 (only 4 shown) each embedded 
in its own coil plate 92A, 94A, 96A, and 98 A respectively. 5 
Electrical power may selectively be introduced to the outer 
turns of the upper and lower windings 92 and 98 as indicated 
by the leads 100 and 102 and the windings are electrically 
interconnected via jumpers 104. 106. 108. The jun^KX 104 
connects the inner turn of winding 92 with the inner turn of 
winding 94, the jumpex 106 connects the outer turn of 
winding 94 with the outer turn, of winding 96 and the jumper 
108 interconnects the inner turn of winding 96 with the inner 
turn of winding 98 so that the current travels in the same 
direction around each of the windings 92, 94, 96 and 98 and 
generates reinforcing lines of flux. The windings; shown in 
the exploded view of FIG. 5 could be manufactured directly 
on a printed circuit board which would obviously also serve 
as coU plate. If necessary a multi-layered printed circuit 
board that could be used to increase the amount of current. 

In a particular cxamfde of the actuator cc^ constxuded as 
shown in FIG. 3 the coil 90 had a thickness of {Approximately 
2.5mra and there was a clearance of apprcotimately 1.25mm 
between the coll 96 and each of the magnets 74 and 76 (it 
is preferred to make the clearance smaller than this Le. as 
small as possible or practical). The wddth W of each of die 
magnets 78 and 80 of titiis specific exaiiq>le were about 
17mm while the G between the two magnets 78 and 80 
was about 3mm so that the total width of the magnet 74 and 
76 was 37imni 

The width of eatii side 87 and 89 on opposite sides of 
the core 91 of the wound coil 9» in the example shown in 
FIG. 3 was 17mm and flac length of die opening as indicated 
by the dimension L was 4&mm to accommodate the axial 
displacement of the coil 90, i.e perpendicular at the arrows 
110 and 112 which indicate the direction of force applied 
when the coil 90 is active by current flow in one direction or 
the other as will be described below. 

The widths W and and the width of the core 91 are 
coordinated to ensure that at all times the total projected area ^ 
of the permanent magnets 78 and 80 onto the coil 90 remains 
constant over the range of movement of the coil $>0 which is 
depicted by the dotted line 114. 

The size of the coils 90 particularly their longitudiiul axes 
have a significant ihfiuenccron the range of movement of the 45 
platform 14 relative to the based. This range preferably will 
be at least Yi indi (lZ5mm) in each of the two mutually 
perpendicular directions and preferably at least 1 inch 
(25nim) in each of those directions. 

FIG. 5 illustrates the electromagnetic field that will be 50 
generated by each of the magnet 74 and 76 measured in the 
plane of the coil 90 mounted on die platform 14. 

The width W of the permanent magnet 80 will be the same 
for each of the magnets 80 and for the magnets 78 and the 
spacing G therebetween will also be the same, but may be 55 
selected differently depending on how actuator coil 90 
mounted on the platform 14 is constructed. The dimensions 
of the coil 90. le. width W^^ and length L as above Indicated 
define the pcrmiUed movement of the platform 14. In the 
arrangcmcQt illustrated in FIG. 3. in the neutral position. Le. 60 
the position where the light beam 64 is in the centre of the 
grid 60. the magnets 78 and 80 arc positioned as indicated 
in dotted lines at 88. in the centre of the coil 90 with half (Ka 
) of the projected area of each of the magnets 78 and 80 
overlapping respectively with sides 87 and 89 of the coil 90. 65 

It will be apparent that in this position if the platform is 
moved in the directions of the 110 or 112 the same amount 
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of one of the projected areas moves from overlappiflg with 
the coil 90 iato the core space 91 that moves from the space 
91 into the coil $K> and that movement in the axial direction 
of the coil 90 does not diange the relative amount of area 
5 directly subjected to the magnetic field of the permanent 
magnets 78 and 80. 

Thus a given current throu^ the coil 90 in one direction 
develops the same force regardless of the position of the 
platform within its range of movement. If the platform is 
10 moved so that the projections SB extend beyond the length 
L in cither direction, fee total force generated between the 
coil 9% and the magnets 74 and 76 will not remain constant. 

For the illustration in FIG. 3 the gap G is relatively narrow 
and the width of the core 91 of the coU 99 is iclatlvciy wide 
since the magnets 78 and 80 |B:oject into the core 91. In an 
ahemative arrangement as illustrated in FIG. 1 the magnets 
78 and 8# have been spaced farther, Lc. the gap G has 
inareascd dzamaticaUy so that half of magnet 78 {a-bject 
outside of the coil 90 as does half of the magnet 80. The 
arrangement of FIG. 1 and 5 is preferred as it permits using 
a narrower coil 90. 

The width of the ccai as indicated at defines the 
amount of movement that can be accommodated in the 
23 direction of the arrows 110 and 112 while maintaining the 
constant force application for a given current In the FIG. 3 
arrangement the effective maximum width of each side 
of the coil 90 should not exceed 

30 

as if this width is exceeded movement of the platform in Ihe 

directions 110 or 112 might result in more projected area of 

the magnets 78 and 8> onto the coU 90. 

FIG. 5 shows the magnetic field form the permanent 
35 rtjagnets 78 and 80 via the dash line 5^. it being a maximum 

directly between the aligned magnets 78 ot 80. 

In operation with a given current 1 in the conductor of the 

coil 90 with a dificientia} element length dU a difftxential 

force dp will be exerted on the conductor when crossed by 
40 the magnetic field B gcpcrated by the magnet 74 and 76. The . 

mathematical relationship is 

dF=idtxS 

By mtegrating over the portions of fte coii 98 that intersect 

45 the effective flux areas of the permanent magnets 74 and 76. 
a total force F is seen to act along one axis with its 
orientation dictated by the direction of the om^nt. It follows 
that the x and y direction actuatioD forces on the coQ 90 can 
be controlled by two independent bi-directional currents. 

50 An embedded niicrc^-controUcr 67 (see FIG. 1) may be used 
for coDtrolling the motion sensing and force actuation of the 
system. This micro-controller determines the movement of 
the platform as above descrit>cd by the inteiruptioa of the 
beam 64 by the line grid. When motion is detected, Ifac 

55 micro-controller 67 sends the appropriate information 
packet through a connection to the con5)utcr*s mouse port 
where it is interpreted by that system's mouse driver in the 
same way as it would for a common mouse. 

After calculating the position of the platform 14. die 

60 micro-controller's control program also calculates any nec- 
essary feedback forces and causes their actuation by turning 
on current drivers that excite one or both of the x and/or y 
direction coils 90. 

While it is preferred to construct the platform 14, coils 90 

65 and pcrmancnl magnets 47 and 76 as above described so that 
anywhere within the normal range of movement of the 
platform 14 a given current to the coUs 90 imparts the same 
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force to the platform 14 in the selected directioa. it is also 
possible to construct the coils 90 aod magnets 74 and 76 so 
that the same projected area of the permanent magnets 74 
and 76 onto the coils 9© docs not occur throughout the 
complete range of movement of the platform 14 relative to 5 
the base 12 and to vary the cun-ent applied to the coils 96 
based on the relative position of each of the coils 90 with its 
respective permanent magneu 74 and 76 so that the current 
will be adjusted to generate the desired force by applying a 
current that will obtain that desired force at that relative 
positioning of the coil 90 and its respective magnets 74 and 
76. Depending on the shape and size of the coils 90 this may' 
require active adjustment (for example on the basis of 
lo(^p tables) based on limited movements of the platform 
14 relative to the base 12 and for that reason &e previously 
descnbed arrangement permitting the use of a constant 
current few a given force anywhere within the ncn-mal range 
of relative movement between the platform 14 and the base 
12 is preferred. 

The mouse handle 18 is shown In exploded view in FIG. 
6 and includes as above described an actuator button 20 and 20 
a tactile element 22. The buttcm 20 actuates a micro switch 
118 while the tactile element 22 is controlled by an E-corc 
type magnet 122 with a coil as schen:iaticaUy indicated at 
124. 

The structure of the tactile element is more clearly shown 25 
in FIG. 7 and includes an £-corc magnet 122 with a coil 124 
wrapped around its inner leg which is posltioxKd to coop- 
erate with a permanent magnet 126 mounted on the tactile 
element 22. 

A pair of springs 128 and 130 tend to hold the tactile 30 
clement in its lower most position as illustrated j.e. closest 
to the core 122, however when the coil is activated the 
repulsion of the magnet 126 from the core 122 and the coil 
124 is stronger than tiie tension in the springs 128 and 130 
so that the tactile element moves upwardly away from the 35 
core 122 with the amount of movement being dependent on 
the current in the coil 124. 

The position of the tactile element 22 is such that it 
contacts with the hand of the user and when activated applies 
pressure thercagainst, the pressure being proportional U> the 40 
amount of current passing through the coil 124. 

Otiier types of handles may be used if desired, fw 
exan^jle. the control handle 131 in FIG. 8, which takes the 
form of a joystick control may also be used and may be 
provided with further controller buttons as schcn^cally 45 
indicated at 132 and further tactile elements as indicted at 
134, 136 and 138 on the joystick 140, Tactile elements may 
be operated in a similar manner to the tactile element 22 
described above and the control elements 132 may take the 
form of pressure switdies or the lilcc. 50 

In the event a controller for controlling three degrees of 
freedom is required, the handle 18 or 140 may be replaced 
by or modified to provide z axis control, for example instead 
<^ the tactile element 22 functioning as a tactile element it 
could be used as a z controller by providing a suitable 55 
positioQ sensor to sense the position of the element 22 whco 
it is displaced from a rest position or alternatively as a 
bi-stoble switch for limited 2 direction controL 

A z dirocdoB controller 142 is illustrated in FIG. 9. This 
controller 142 is fixed to the platform 14 enclosed by a top 60 
13 A replacing and similar to the top 13 but modified to 
accommodate the z direction controller 142. 

In the embodiment illustrated in FIG. 9. lik-p reference 
numerals have been used to indicate like parts of those in 
no. L 65 

The configuration of the coU 90 and of the permanent 
magnet 74 and 76 in FIGS. 1 and 9 arc significantly 
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diffexent, in the FIG. 9 aixangcmcnt the permanent magnets 
in neutral position project to the outside of the sides 87 and 
B9 while in FIG. 3 they were on the inside. 
The z dirccaon controller 142 is composed of a frame 144 

5 which is fixed to the platform 14. Mounted to the frame 144 
are paraUel rods 146 and 148 fixed at their upper ends to the 
bar 150 and their tKJttom ends to the cross base 15Z. The rods 
146 and 148 are perpendicular to the rods 323436 and 38. 
A platform 154 on which is mounted a coU plate 156 similar 

10 to the coU plate 90 described heranabove is sUdable 
mounted on the rods 146 and 148 via bars 170 and 172 with 
suitable opening to receive the rods 146 and 148 (similar to 
the manner in which the platform 14 is mounted). 

The coil plate 156 cooperates with a pair of permanent 

15 magnets 158 (only one shown) equivalent to the permanent 
magnets 74 and 76 described hereinabove. 

An LED or other light source 160 projects light through 
encoding 162 which is p-ovided with a pluraUty of uni- 
f ocinly spaced hcnizontal lines l>ctwecn which the U^t from 

20 the source 160 projects so that movement of these lines 
disrupU the li^t from the source 160. U^t passing through 
the grid or encoder 162 is focused via lens 164 onto sensor 
or photo detector 166 which generates a signal substontially 
in the same manner as the encoder 66 and 67 for the platf Mm 

25 14. 

The platform 154 is provided wife a handle 168 moveable 
in the z direction on the rod 146 and 148 and is used to 
manipulate the platform 14. 

Force feedback U ^Ucd to the handle 18, 140 or 168 is 

3d generated by programming a computer. For dciiionstralion 
purposes the configuiatioa shown in FIG. 11 was used 
wherein a first disjAay station computer 200 was interccHi- 
nccted wifti a mouse controller 202 by two lines of serial 
communication 204 and 206 respective specificaUy a coa- 

35 nection to the mouse port for supplying the work station with 
mouse motion data and a connection from a serial port for 
receiving commands and screen information from the work 
station. 

A secc«id coinputcr 206 was connected to the mouse 
40 controller 202 and was used as a monitOT for loading new- 
code into memory on the controller board. A suitable power 
supply 210 provides power to the driver 212 for the con- 
troUcr 10. ^ a 

The software is miming on both the computers 200 and 
45 20S so the responsibilities of the two units must be properiy 
divided. 

Preferably the mouse 202 will send movement and button 
status dau to the computer 200 where software calculates 
the desired forces fcH- that particular pointer location and 

50 sends that force loformadon to the micro controUeT which in 
turn drives the coils 90, 124 and 156 as required. However, 
this requires a very high powered computer and therefore to 
simplify to permit operation with the equipment available 
the con?>utcr 200 responsibilities were limited to handling 

55 the usual x window events, process input to maintain gr^hic 
interface and to initiate a synchronous transmission of 
non-real time commands to the micro controller when 
necessary. The raioro oontroUer is given the responsibility of 
doing the mouse position sensing to control movement and 

60 the transmission of mouse status data to the host mouse port 
and at the same time respond to commands from the host 
200 and store in memory the locations of icon, windows, 
buttons, etc. thai are activated on the display and to inter- 
actively calculate the necessary feedback forces with respect 

65 to pointer or curscr positions during control movements. 
FIG. 12 shows an example of a graphic user interface that 
could be augmented with tactile and kinesthetic interface 
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using the present invention. The vaiious lettered designa- 
tions illustrate some of the features that may be obtained 
using the force feedback of the present invention. 

A. The mouse may be programmed to constrain the curscar 
for movement along a straight edge. 5 

B. indicates a menu bar that may be programmed as 
MnaesthcticaUy stable place when it is approached from 
below so that tisc user can move the pointer rapidly in the 
direction of the menu bar from below and when it reaches 
the menu bar force feedback applied to the control handle to lO 
stop the motion of the controller and thus of the pointer. 

The menu bar itself may be provided with bl-stable tactile 
elements to indicate when the pointer moves from odc menu 
item to the oext. 

C. indicates a vertical menu. In this system the mouse 15 
could be set to permit the pointer to move only vertically up 

or down the menu. 

D. The scroll bar shown at D may be supplemeated with 
force feedback apf^ed to the airow used for the scrolling 
process by allowing the user to noove faster and be more 20 
carefree when trying to position the pointer over the arrow. 
This can be done by creating forces at the sides on the arrow 
that prevent the pointer from overshooting, i.e. it would 
impede the mouse as it moves across the airow. 

The force feedback system could be also be used to 25 
actuate the computer rather than the button or switch 
mounted on the handle EG.switcfa 20. The n>ouse would 
simuUte a button press in its transmlssioa to the con:^uter 
wheaevec the force with which the user pushes against one 
of the sides of the arrow exceeds a threshold so 

E. shows a thuidb type scroll bar which is similar to the 
arrow type scroll bar and to which force feedback could be 
applied to form a stable position in the bar and prevent the 
poiDter from overshooting and constrain the pointer from 
going beyond the thumb opening. After the pointer is in 35 
position within the thumb opening pressing the pointer 
against the top or t>ottom of the thumb opening, the thumb 
would follow the motion of the pointer. 

Furtfaermofe. as the thunib is moved a damping force 
could be added and the motion direction, giving the user 40 
feedback in the form of a viscous drag sensation and when 
die thumb has reached the limit of its range cq^propiiate force 
could be applied to the haixile. 

F. Command Soft button manipulatable by nsovement of 
the pointer or curse to initiate command i.e. soft buttons that 45 
may be pressed by the pointer and the tactile sense of 
pressing a button transferred back to the controller handle so 
that the feel of pressing a button. 

G. shows further cxaxz^les of soft buttons that could be 
used in a manner similar to icons and inooiporate in the so 
software a force gravitational scheme to facilitate user 
arriving at the button. 

H. shows tactile regions whcreia examples of specific 
tools may be selected The use of a ba -stable tactile feedback 
system could be employed to make user selection of the 55 
desired tool more quick and accurate. 

L indicates a system wherein gravitational force may be 
applied to draw the cursor pointer to the icon when it comes 
within a certaiD preselected distance of the icon, 

J. demonstrates a window bouodary wherein force feed- 60 
back would be designed to prevent the pointer or cursor from . 
nra versing such a boundary or apply force when the window 
is entered or exited. 

It will be apparent that by programming, control of the 
power to the coils 90. 122 and 356 may be acxomplished 65 
making it possible to apply any desired force feedback to the 
handle i.e. the position of the handle corresponds witti the 
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position of the pointer which provides the accessary infer- 
. mation to apply force feedback coordinated with the position 
of the pointer on tfac monitor. 
The coUs throughout description have been ddined as 
5 having tbeir longitudinal axes mutually perpendicular which 
is the preferred airangement, but It will be apparent with 
approf^te software modification it is possible to arrange 
the coils differently i.e. so their axes extend in different 
directions that ate neither parallel nor perpendicular 
to Having described ttie jnventioii. ihodilications will be 
evident to those skilled in the art without departing from the 
spirit of the invention as defined in tfic appended claims. 
Wc claim: 



